Crystal structure and electron-density distribution of the perovskite-type oxynitrides BaNbO 2 N and SrNbO 2 N have been analyzed by the synchrotron X-ray powder diffraction, Rietveld and maximum-entropy methods. In both BaNbO 2 N and SrNbO 2 N, the electron-density levels along the Nb(O,N) bonds are significantly higher than those along the Ba(O,N) and Sr(O,N) bonds, which indicates higher covalency of the Nb(O,N) bonds. The Nb(O,N) bonds in SrNbO 2 N have higher electron-density levels than that in BaNbO 2 N, which suggests higher covalency of Nb(O,N) bonds in SrNbO 2 N. The higher covalency of SrNbO 2 N cannot explain its wider band gap E g than E g of BaNbO 2 N. The wider E g of SrNbO 2 N compared to BaNbO 2 N is attributable to the smaller Nb(O,N)Nb¤ angles of SrNbO 2 N.
Perovskite-type oxynitrides (AB(O,N) 3 ; A and B are relatively large-and small-sized cations, respectively.) have received much attention because of their possible applications such as photocatalysts, 1)7) pigments, 8) 10) and dielectrics. 11)14) Nitrogen has higher energy level of 2p orbital than oxygen. Therefore, oxynitrides generally have narrower band gaps compared to oxides, which enable visible-light absorption. Furthermore, nitrogen has lower electronegativity than oxygen, and BN bonds are more covalent compared to BO bonds. The higher covalency is known to make wider valence band width resulting in narrower band gap. 15 ),16) Thus, it is important to understand the covalent character of BO bonds in AB(O,N) 3 . The covalent bonds in crystalline materials can be investigated by (i) theoretical methods such as density functional theory (DFT)-based calculations, 17)20) and (ii) electron-density analysis based on the X-ray diffraction data. 19)25) In particular, the latter technique is important, because it provides the experimental evidence for the covalent bonds in the crystal structures. 19)25) In this work, we aim to obtain the experimental evidence of the covalent bond characters between Nb and (O,N) in BaNbO 2 N and SrNbO 2 N by electron-density analysis using the synchrotron X-ray powder diffraction data. BaNbO 2 N and SrNbO 2 N are important materials because these are known to exhibit photocatalytic activities by visible light irradiation.
5),7) However, the nature of the covalency of chemical bonds in these materials has not been investigated by the electrondensity analysis, although there were some theoretical investigations of the electronic structures. Synchrotron X-ray powder diffraction (SXRPD) data of BaNbO 2 N and SrNbO 2 N were measured at 300 K using monochromatized X-ray [wavelength = 0.399204(1) ¡] at the BL02B2 beamline 31) of SPring-8, Japan. Structure analysis was carried out by the Rietveld method using the program RIETAN-FP.
32) The SXRPD data of BaNbO 2 N and SrNbO 2 N were successfully analyzed by the Pm 3m and I4/mcm perovskite-type structures, respectively (Figs. 1, 2 and Table 1 ). There is a report that there exists partial oxygen/nitrogen ordering in the crystal structure of SrNbO 2 N. 33) However, X-ray atomic scattering factors of nitrogen and oxygen are almost same, and it is difficult to distinguish these two elements from each other. Thus, the occupancy factors of oxygen and nitrogen atoms at anion sites were fixed to 2/3 and 1/3, respectively, in the structure analyses of both BaNbO 2 N and SrNbO 2 N. As shown in the Rietveld patterns ( Fig. 1) , there is no impurity phase in both BaNbO 2 N and SrNbO 2 N. The refined crystallographic parameters agree well with those in the previous reports. ). The electron-density distributions of BaNbO 2 N and SrNbO 2 N were studied by the maximum-entropy method (MEM) using computer program Dysnomia. 37 ) Figure 3 shows the MEM electron-density distributions in BaNbO 2 N and SrNbO 2 N. In both cases, continuous electron-density distributions are observed along the Nb(O,N) bonds, suggesting the covalenct bonds between these atoms. On the other hand, there is less connection of electron-density distributions along the Ba(O,N) and Sr (Fig. 3) . The higher MEDs of Nb 
Crystal system: cubic, Space group: Pm 3m, Unit-cell parameters:
Crystal system: tetragonal, Space group: I4/mcm, Unit-cell parameters: The valence band and conduction band, which determine the band gap, would be affected by Nb(O,N)NbB bond angle. In future, the investigation of the electronic structures might be necessary for further understanding of the correlation between the band gap and Nb(O,N)NbB angle.
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